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Introduction

Precipitation is considered as one of the most important climate elements affecting different
environmental aspects represented through several different behavioral from among of which is
extreme precipitation. Extreme precipitation can occur in the form of flashfloods and draught with
considerable negative consequences on humane and environment. Precipitation extremes follow a
geographical pattern like all other climate elements. Recognition of such patterns, specifically in
those areas where people’s lives depend on precipitations, can determine the amount of success in
environmental management as well as certainty in resources planning. Regarding high extreme
precipitation in Iran’s coastal region of Caspian Sea, especially in eastern parts, the recognition of
spatial auto-correlation of such a phenomenon can facilitate environmental planning and the
reduction of vulnerability and also increasing adaptability with such a disaster. The geographical
position of the Iran’s coastal region of Caspian Sea and placement of the Caspian sea in its northern
part, Alborz mountains in its southern part and the adjacent various geographic units (sea, plain and
mountains),as well as their interactions with each other, provide appropriate conditions for extreme
precipitation occurrences in this area. As researchers believe that the extreme precipitation in Caspian
region is part of the intrinsic properties (mofide, 1387: 3). For this reason, recognition the
geographical features of this precipitation in the Caspian region is considerably importance. In this
study, geographic patterns of precipitation are estimated with using acceptable quantitative methods.

Methods and Material

In order to analyze the auto-correlation of the sum frequency of monthly extreme precipitations of
under investigation region, 99 percentile of precipitation for each pixel of the map is considered.
Accordingly, 385 stations (synoptic, climatology, and rain gauge of Islamic Republic Organization of
Meteorology, and rain gauge of the Ministry of Energy) were studied during the time period covering
1966 to 2016. At first, the frequency of monthly extreme precipitation was plotted in the Surfer
software. Then, we have used spatial statistics techniques (global Moran index (1), local Moran (2),
and Gi*index (3) to analyze spatial auto-correlation features.
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In the last step, the relationship between the spatial factors and extreme precipitation frequency for
each month was calculated using general Moran multivariate statistics (4).

Zr Wz [xk—Xk] [x1—Xx1]
= 7z, = ———— 7 == ——— 4
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Results and Discussion

One of the optimal methods to identify the spatial distribution of climate events, is the analyze of
spatial relationships. Aim of this study is to determine the spatial pattern of the sum monthly
precipitation frequency patterns (99 percentile and more) with using the spatial statistics techniques
(global Moran index, local Moran, and Gi* index) to analyze spatial auto-correlation features. The
results of this research show that the global Moran index is statistically at 95% significant level. Results
of the present study showed that the dominant behavior in sum frequency of monthly extreme
precipitation of under study region followed a cluster pattern. The areas with positive auto-correlations
were mostly found in internal areas (foothill areas) and far from the coastal line over most months.
Positive auto -correlated clusters were spread in eastern and western regions and some parts in central
areas. Gi* test approved the frequency of clusters with high and low values. Positive auto -correlated
clusters were spread in eastern and western regions and some parts in central areas. The results showed
that the geographical location under investigation region and Alborz mountain characteristics, and also
synoptic systems affecting the region have affected the spatial frequency pattern of extreme
precipitation occurrence.

Conclusion

Results of the present study showed that the dominant behavior in sum frequency of monthly extreme
precipitation of under study region followed a cluster pattern. The areas with positive auto-correlations
were mostly found in internal areas (foothill areas) and far from the coastal line over most months.
Positive auto -correlated clusters were mostly spread in eastern and western regions and some parts in
central areas. Gi* test approved the frequency of clusters with high and low values. The comparison of
our findings with previous studies showed that the geographical location of under investigation region,
Alborz mountains characteristics, and also synoptic systems affecting the region have affected the
spatial auto-correlation frequency pattern of extreme precipitation occurrence. Finally, considering that
extreme precipitation in the Caspian Sea region causes one of the natural hazards (flood), especially in
the eastern parts, recognizing the spatial patterns of this phenomenon can be very useful in planning
environmental hazards and reducing vulnerability and increasing the compatibility.

Keywords: Extreme precipitation, Spatial statistics, Monthly frequency, Auto-correlation analysis,

Moran Index, Gi* Index, Coastal region of Caspian Sea.
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